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Abstract of Thesis

Molybdenum sulfide (MoSz2) have been excepted as a promising candidate applied in energy storage or catalysts
applications. Traditional energy storage devices or electrocatalysts are usually high toxic chemicals or expensive
noble metals. MoSz is a potential cheaper, low toxic alternative candidate with relatively high performance.
Aiming on different application, I developed different kinds of MoS2 by in-situ growth, hybrid phase engineering,
vacancies engineering, etc. and tried to reach a high catalytic or electrochemical performance. In this thesis,
modified MoSz was directly used or constructed into different material system as supercapacitor, electrocatalyst
and photocatalyst. The new synthesis method and materials design route presented in this thesis would give
some guidance of more efficient systems to extend the application of MoSs.

Chapter I addresses the fundamental of MoSs properties and recent progress on the modification of MoS2 and
its applications.

In Chapter II, a unique MoS2/RGO/MoS2 nanostructured composite is prepared on Mo net surface through an
in-situ hydrothermal synthesis. During the synthesis process, Mo net serves as not only a support but also Mo
source for the inner layer of MoS2 and reductant for GO. The as-synthesized MoS2/RGO/MoS2@Mo directly acts
as a supercapacitor electrode which exhibits excellent electrochemical performance. A symmetric supercapacitor
device consisting of two MoS2/RGO/MoS:z electrodes is assembled, which exhibits an energy density of 6.22
Wh kg and power density of 1.87 kW kg

In Chapter III, a series of researches for synthesizing hybrid 1T/2H-MoS:2 have been carried out. Hybrid 1T/2H-
MoS:2 has been synthesized under relatively mild condition, but the controlling of 1T/2H ratio is still an issue
which has not been discussed in detail. In this chapter, the synthesis methods of hybrid phase 1T/2H-MoS2 with
controllable 1T concentration are investigated. The electrochemical hydrogen evolution reaction is then
presented on 1T/2H-MoS:2 possessing different contents by both experiments and theoretical calculations.

In Chapter IV, a S vacancy-induced hybrid-phase MoS2 with Ru metal was synthesized. In order to achieve a
higher catalytic efficiency, defects strategies such as phase engineering and vacancy introduction are considered
as promising methods for natural 2H-MoS:2 to increase the number of active sites and to promote electron
transfer rate. In this chapter, a new two-step defect engineering process to generate vacancies-rich hybrid-phase
MoS:2 and to introduce Ru particles at the same time, which includes hydrothermal reaction and a subsequent
hydrogen reduction is developed. The electrochemical hydrogen evolution reaction performance, as well as
photocatalytic hydrogen evolution performance in the ammonia borane dehydrogenation are evaluated. Both
catalytic activities are boosted with the increase of defects concentrations in MoS2, which ascertains that the
defects engineering is a promising route to promote catalytic performance of MoSa2.

In Chapter V, a hydrothermal synthesis of hybrid 1T/2H-MoS2 phase coupled with SiC as a heterojunction
photocatalyst for 4-nitrophenol (4-NP) degradation is reported. Hybrid 1T/2H-MoS: phase shows higher
catalytic activity than the 2H-MoSz and exhibits better stability than the 1T-MoSs, which is more favorable
than the 2H-MoS:2 in the photocatalytic reactions. SiC acts as a counterpart of heterojunction structure and
morphology modifier, which dramatically promotes the reaction rate and visible light responsibility, providing
new candidates and strategies in photocatalysis.

Finally, the overall conclusions of the present thesis are described in Chapter VI.
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(1) KBEERTFEIZLVEY 7T UE&BF v M ORMAIC MoS2/RGO/MoS: B A fFHLL | Z DA —/—F vty
2L LTCOBLIRBMEBERHECOWTHEL TS, T ITrE&RF Yy MIFEKRE LTEIFT2<, MoS:
DE Y 7T PR E GO (Graphene Oxide) DiE LAl & L TEIK Z & T, 2 =—7 7223 v XV BIR IS & %
FroBMmAER I TV 5, A RBE T4 U7z RGO (Reduced Graphene Oxide) i3 i 8 25 i 25 1 & FeflPE
ARG A A E LTHRET 222 RAE LTS,

(2)  MoS2 iF—MMINC 2HAHBRLETH Y, 1T MoS2 1F L W NI LFEMEREEZ A LTV DER, T OEFRITMmD
THEHE LV, KRCTIIBHA AU FRMLEBICE ST Y AR —< LAMRIEICL Y 1T2H WitHE2HFT 5
MoS: # G LT\ 5, ERLIEmAFOmME L, BRI FNKRRAELOSE 1T HRE L OBLEIZON
THE LI Z A, KRFERAETEMEIL 1T FHREIEF L, 1T MoS: BT KFAMRIENEY 4 M & LTH
BT2ZEERELTVWS,

(3) 2BBORMT =7V 77w A5RECLD. S KB EFEET D1 7V v Fi 1T/2H-MoS: % &
B L. RIRFIZ YRR E 4 N & U THRET 2 Ru @B KL T2 FEEL L T\ 5, MO Nl 2 7
=T RT UL OKRFBERSOSIZ LY BB BLXIEFHKRERERC L VML, KR (S
Kba L 1T FAKEGE) OB, Sefbllt - BAASEENRICH B35 2 L2 LML TN,

(4)  MoSa DNy RHIBMEIZ K » TER SN AFEE O X AF — T+ m < enizd, Sl e LToik
RARHIRENTWD, £Z T, A7 Y v FH 1T2H-MoS: & SiC Z#AE b8 TAT n A HE %2 B
L. MEONET &A=V Do Om LR T, MELO AR Z TR T T 4-= b 7
=/ — V(4-NP)D Sl o5 f SO IZ £ 0 5FAf L. 1T A5 MoSz 23 4-NP AR > f SOt DTS MY A b & LT
RETHZ&T. 2HMDOHZERT S MoS: & IV 7236 L 0 btAirERES M ET 2 2 L2 R LTV 5,

PEDXoIC, KRITBEMET B - 731 22/ DE TMoS:DIMERER B8 D Bk Tk - IEMi ik E &%
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TS TR L X — P oML B O R SIS RE S HEBTANATH B,

L oT, FFHUEHEFHLE LTEDH 2 b0 LB 5,




